Background {#Sec1}
==========

Induction of labor is one of the most frequently performed obstetrical interventions. The decision to induce labor is made if ending the pregnancy is considered more beneficial for the mother or the baby than awaiting spontaneous onset of labor. Induction of labor has increased over the last decades across Europe. In 2010, in 15 of 25 countries in Europe, more than 20% of the labors were induced \[[@CR1]\]. In Norway, the induction rate increased from 12.5% in 2003 to 20.3% in 2013. The most common indications for induction of labor were pre-labor rupture of the membranes (PROM) and post-term pregnancy \[[@CR2]\].

Whereas induction of multiparous women has a high success rate, the induction of nulliparous women poses a particular obstetrical problem. Inductions in nulliparous women with an unfavorable or unripe cervix carry an increased risk of dystocia and protracted labor \[[@CR3], [@CR4]\]. Conversely, induction of labor also poses a risk of uterine tachysystole and subsequent fetal distress \[[@CR5]\]. Protracted labor and fetal distress are the two main indications for CS in Norway \[[@CR6]\]. CS in the first delivery also has consequences for subsequent labors, as the repeat CS rate in Norway is 50% \[[@CR6]\]. Thus it is of clinical importance to determine the safety and efficacy of new methods for induction of labor for nulliparous women in particular.

Misoprostol is a synthetic prostaglandin E1 analog and has been used off-label for cervical ripening and labor induction since the 1980s \[[@CR7]\]. For labor induction in women with an unfavorable cervix, Misoprostol is more effective than other methods such as oxytocin, Dinoprostone and placebo, with no differences in adverse perinatal or maternal outcomes \[[@CR7]\]. In Norway, Misoprostol 25 μg tablets administered vaginally every 4--6 h, has been the most commonly used method for inducing labor with an unfavorable cervix \[[@CR2]\].

In 2013 a 200 μg Misoprostol vaginal insert (MVI -- Misodel ®) received approval in Europe \[[@CR8], [@CR9]\]. In a phase III trial, MVI was compared to a Dinoprostone vaginal insert, a prostaglandin E2 analog. This trial reported significantly reduced times to delivery and no evidence of differences in maternal or neonatal safety outcomes \[[@CR10]\]. Since the phase III trial, only three studies have compared MVI to other induction methods in terms of delivery outcomes \[[@CR11]--[@CR13]\]. Neither of these studies have presented data from nulliparous women exclusively, and no studies have compared MVI with MVT.

In a daily obstetric practice, individual care might lead to deviation from protocol. Thus, results from experimental studies are not always valid for obstetric care. The aim of the present study was to compare efficiency and safety of MVI versus MVT for labor induction in nulliparous women within a routine care setting. Our primary outcomes were time from drug administration to delivery and the rate of CS.

Methods {#Sec2}
=======

During 2014--2015 a national obstetric quality improvement project on CS was launched in Norway. One of the preselected focus areas was induction of labor in nulliparous women. During this period, our obstetrical unit improved our protocols for selecting women for induction of labor and improved adherence to the protocols for the induction procedures. As part of the project, MVI was introduced as an alternative to MVT in nulliparous women from November 2014 onwards.

In this study we included induced nulliparous women that delivered at Oslo University Hospital Rikshospitalet, Norway, from November 2014 through December 2015. The unit is a tertiary obstetrical unit with around 2800 deliveries annually. Women were included if their labors were induced with MVI or MVT, if they had no previous uterine surgery or other uterine abnormality and gave birth to a single fetus, in cephalic presentation, at gestational age of 37 weeks or more. This corresponds to Robson group 2a in the 10-group classification system \[[@CR14]\]. As the study was a part of a quality improvement project conducted within a routine care setting, no randomization was performed. Both MVI and MVT were used for induction of labor during the whole study period and the choice of method was decided usually jointly by the obstetric consultant and the midwife on call. During the study period, 174 nulliparous women were initially included. Of these, three women, who received MVT after the MVI was accidentally removed, were excluded from the study.

In Norway, there is no standardized protocol for induction of labor. The department's protocol for induction of labor in nulliparous women during the study period is presented in Fig. [1](#Fig1){ref-type="fig"}.Fig. 1Flow chart of the protocol for induction of labor in nulliparous women

MVI is a removable vaginal insert with a reservoir of 200 μg Misoprostol, released at a mean rate of approximately 7 μg per hour over a period of 24 h. MVI was inserted once, while the insertion of a 25 μg MVT was repeated every 4 h. After insertion of MVI or MVT, the women remained in bed with continuous cardiotocography (CTG) for one hour. A CTG was performed every 4--6 h; once regular contractions were established or according to the department's procedures. In women with a non-reassuring CTG during the induction process, the insert was withdrawn or tablet removal was attempted. The MVI was removed when the midwife considered that labor was established; if the CTG showed a non-reassuring pattern or if the 24-h dosing period was completed. For women not in labor after the dosing period, artificial rupture of membranes was performed, followed by oxytocin infusion. The oxytocin infusion was started at 5 mU/min and increased by 5 mU/min every 30 min until adequate uterine activity, defined as 4--5 contractions per 10 min. The maximum infusion rate was 30 mU/min. The oxytocin infusion was stopped or decreased if the woman had more than 5 contractions per 10 min. For inductions with MVT, artificial rupture of the membranes was performed when the Bishop Score reached 6 or more, followed by oxytocin infusion as described. At the end of day 3 or beginning of day 4, artificial rupture of the membranes was attempted even if the Bishop Score was below 6. The administration of MVT could be postponed if the woman was having regular contractions, if the woman needed to rest at night due to a long induction process and in rare cases due to logistic considerations. Inductions could be started any time during the day. No progress of labor and failed induction was according to the departments protocol defined as no progression after 6 h with the maximum dose of oxytocin. Individual assessments on labor progression were made by the obstetric consultant on call.

Our primary outcome regarding efficiency was time from drug administration to delivery. Secondary outcomes included time from drug administration to onset of the active phase of labor and labor duration. As to safety, our primary outcome was the rate of CS. Secondary outcomes included the proportion of operative and spontaneous vaginal deliveries, the use of oxytocin stimulation, the proportion of Apgar Score \< 7 after 5 min and the rate of CS and operative vaginal deliveries due to fetal distress. All CTG-registrations from labors ending with operative delivery due to fetal distress were investigated for uterine tachysystole, defined as \>5 contractions in 10 min.

Labor onset was defined as when the partogram was started by the attending midwife. Onset of active phase of labor was defined as regular, painful contractions that led to a change in the cervix. PROM was defined as ruptured membranes without contractions. In this group, labor was induced after 24--48 h, and signs of infection were monitored until delivery. In women with PROM and meconium-stained amnion fluid, induction was started without delay.

Statistical analysis {#Sec3}
--------------------

Maternal characteristics and indications for labor induction were compared between the two groups using Student's t-test for continuous variables and chi-square test for dichotomous variables. For all outcomes, we identified potential confounding variables a priori according to previous knowledge of factors that could affect the likelihood of successful induction of labor using MVI or MVT \[[@CR15]--[@CR18]\]. Potential confounding factors included maternal age, body mass index, gestational age, birth weight, Bishop Score, PROM and pre-induction with balloon catheter. As a higher proportion of women in the MVI groups were induced due to hypertension/preeclampsia, the reason for induction was also considered a potential confounding factor. True confounders were defined as confounders that changed the results with more than 10%. For time outcomes, we used Student's t-test and Mann-Whitney U test to compare the two groups. Bishop Score and balloon catheter were identified as true confounding factors and were included in linear regression models with the forced entry method for the time outcomes. Due to skewed distributions, we also performed analyses with log transformed time variables in the model. To evaluate if labors interrupted by CS influenced the results, we also performed Cox regression with log rank test, censoring CS and with adjustment for Bishop Score and pre-induction with balloon catheter. In terms of delivery mode outcomes, we calculated crude and adjusted odds ratios (OR) with 95% confidence intervals (CI) in logistic regression models. In these analyses Bishop Score and balloon catheter were identified as true confounding factors and included in the models. To evaluate if fetal distress led to more operative deliveries in one of the groups, the proportion of CS and operative vaginal deliveries due to fetal distress were compared between the groups. Less than 2% of the data were missing. Missing data were excluded pairwise. A *p*-value of \<0.05 was considered to indicate statistical significance. Statistical analyses were performed with IBM SPSS Statistics for Windows, Version 21 Armonk, NY: IBM Corp.

Ethical considerations {#Sec4}
----------------------

The study was approved by the Oslo University Hospital Data Protection Official for Research (2012/9668). The study was also evaluated by the Regional Committee for medical and health research ethics (REC South East in Norway); however, as the study was limited to observations during standard clinical care, written informed consent was waivered.

Results {#Sec5}
=======

A total of 171 women were included in the study. Of these, 85 (49.7%) received MVI and 86 (50.3%) received MVT. Maternal and pregnancy characteristics were comparable in the two groups except for the mean Bishop Score, which was lower in the MVI group (Table [1](#Tab1){ref-type="table"}).Table 1Maternal characteristics and indications for labor induction in nulliparous women induced with Misoprostol Vaginal Insert (MVI) compared to Misoprostol Vaginal Tablets (MVT)MVI, *n* = 85MVT, *n* = 86mean or nSD or %mean or nSD or %*p*-valueMaternal age in years^a^32.54.832.96.00.64Body Mass Index^b^24.65.524.44.80.807Gestational age in days^a^2819.62829.80.393Bishop score^c^3.11.23.61.50.016Birthweight345448434855200.692Preinduction with balloon catheter4451.84047.10.645Primary indication for induction- Pre labor ruptures of membranes (PROM)2124.72327.10.861- Preeclampsia/hypertension2529.41214.10.026- Fetal concerns1618.81821.20.848- Postterm pregnancy^d^89.41315.30.351- Maternal concerns1011.8910.61.000- Other55.91011.60.279^a^At date of delivery^b^From first prenatal visit^c^At insertion of MVI or first MVT^d^≥42 + 0 weeks, ≥41 + 2 if maternal age ≥ 40 years

As for the primary indication for induction, more women in the MVI group were induced due to preeclampsia/hypertension than in the MVT group, whereas other indications were similarly distributed.

The time interval from drug administration to delivery showed a skewed distribution with a right tail in both the MVI and the MVT groups (Fig. [2](#Fig2){ref-type="fig"}).Fig. 2Time from drug administration to delivery in women induced with Misoprostol Vaginal Insert (MVI) (*n* = 85) compared to Misoprostol Vaginal Tablets (MVT) (*n* = 86)

The average time from drug administration to delivery was significantly shorter in the MVI group compared to the MVT group (median time 15 h 43 min versus 19 h 37 min, *p* = 0.011), see Table [2](#Tab2){ref-type="table"}. In regression models adjusting for Bishop Score and pre-induction with balloon catheter, the mean difference was 6 h 3 min (*p* = 0.002). The result did not change in models with log transformed outcomes (*p* = 0.001, data not shown). We conducted sensitivity analyses where we adjusted for additional potential confounders; however, the results did not change.Table 2Time outcomes in nulliparous women induced with Misoprostol Vaginal Insert (MVI) compared to Misoprostol Vaginal Tablets (MVT)MVIMVTDifference*p*-valueTime intervals*n* = 85*n* = 86Time from drug administration to delivery Median (IQR)15:43 (12:29)19:37 (14:30)3:540.011 Crude mean (SD)18:39 (10:23)23:42 (14:29)5:030.010 Adjusted mean difference (CI; 95%)^a^6:03 (2:20--9:46)0.002Time from drug administration to onset of active labor Median (IQR)10:37 (10:42)11:28 (12:13)0:510.215 Crude mean (SD)13:04 (8:32)16:20 (13:27)3:160.061 Adjusted mean difference (CI; 95%)^a^4:16 (0:54--7:38)0.013Time from onset of active labor to delivery Median (IQR)4:06 (6:54)6:46 (5:50)2:400.002 Crude mean (SD)5:35 (4:36)7:22 (4:09)1:470.009 Adjusted mean difference (CI; 95%)^a^1:47 (0:28--3:06)0.008Presented as hours:minutes^a^Adjusted for Bishop Score and pre-induction with balloon catheter

In the Cox model, where we censored deliveries interrupted by CS, the hazard ratio was increased by a factor of 2.1 in the MVI group compared to the MVT group, thus confirming the shorter time interval from drug administration to delivery in the former (see Fig. [3](#Fig3){ref-type="fig"} and Table [3](#Tab3){ref-type="table"}). In 9 women, the inductions were started in the evening and the 2nd dose of MVT was delayed so that the woman could rest at night. Excluding these women from the analyses did not change the results for the primary outcomes; time from drug administration to delivery and rate of CS.Fig. 3Survival plot for time from drug administration to delivery in nulliparous women induced with Misoprostol vaginal insert (MVI) compared to Misoprostol vaginal tablets (MVT)Table 3Adjusted hazard ratio in relation to time from drug administration to delivery in nulliparous women induced with Misoprostol Vaginal Insert (MVI) compared to Misoprostol Vaginal Tablets (MVT)Adjusted Hazard ratio95% CI*p*-value\*Misoprostol vaginal insert (MVI)2.111.48--3.020.001Misoprostol vaginal tablets (MVT)1ReferenceReference\*From Log rank test

As to delivery mode, women induced with MVI were less likely to be delivered by CS, compared to those induced with MVT (11.8% versus 23.3%), see Table [4](#Tab4){ref-type="table"}. In models adjusting for Bishop Score and pre-induction with balloon catheter, there was a 67% reduced risk of CS in the MVI group compared to the MVT group (adjusted OR 0.33; 95% CI 0.13--0.81, *p* = 0.016). The results did not change in sensitivity analyses where we stratified for other potential confounders.Table 4Delivery mode in nulliparous women induced with Misoprostol Vaginal Insert (MVI) compared to Misoprostol Vaginal Tablets (MVT)MVI, *n* = 85MVT, *n* = 86Crude, *n* = 171Adjusted^a^, *n*=169^b^*n*%*n*%OR95% CI*p*-valueOR95% CI*p*-valueCesarean section1011.82023.30.440.19--1.010.0520.330.13--0.810.016Operative vaginal delivery1922.41820.91.090.53--2.250.8211.140.54--2.390.733Spontaneous vaginal delivery5665.94855.81.450.78--2.690.2361.600.84--3.040.150^a^Adjusted for Bishop score and pre-induction with balloon catheter^b^2 excluded due to missing data on Bishop score

We found no difference in the rate of women delivered by CS due to fetal distress in the MVI versus the MVT groups; however, numbers were few (*n* = 5 (5.9%) versus *n* = 8 (9.3%)). Similarly we found no difference in the proportion of operative vaginal deliveries due to fetal distress in the two groups (MVI: n = 8 (9.4%) versus MVT: *n* = 11 (12.8%)). The number of labors diagnosed with uterine tachysystole and that ended with operative delivery due to fetal distress were few in both groups (MVI *n* = 4, MVT *n* = 6). Three neonates had an Apgar Score \< 7 after 5 min; two in the MVI group and one in the MVT group. None of the neonates were diagnosed with metabolic acidosis (defined as umbilical artery pH \<7.00 and/or base deficit ≥12). Forty five (53%) women in the MVI group needed oxytocin during labor, compared to 63 (73%) in the MVT group (*p* = 0.006).

Discussion {#Sec6}
==========

In this study, in a setting of routine obstetric care, induction of labor with MVI was associated with a shorter time from drug administration to delivery compared to MVT. Both time from drug administration to onset of active labor and labor duration were shorter in the MVI group compared to the MVT group. Women induced with MVI had a lower risk of CS compared to women induced with MVT. There were no differences between the groups for the proportion of operative deliveries due to fetal distress or Apgar Score \< 7 after 5 min.

To our knowledge, this is the first study comparing MVI to MVT. After the European approval on MVI, three studies comparing MVI other induction methods have been published \[[@CR11]--[@CR13]\]. Two studies comparing MVI to Dinoprostone insert \[[@CR11], [@CR13]\] did not find the same benefits for MVI over Dinoprostone insert as the phase III trial \[[@CR10]\]. One study comparing MVI to Oral Misoprostol found shorter time from drug administration to delivery and a higher CS rate in the MVI group compared to Oral Misoprostol \[[@CR12]\]. However, numbers for nulliparous women were not reported separately in any of the studies. Given the strong predictive value of parity on successful induction of labor, the results cannot directly be compared to our findings \[[@CR15], [@CR17]\].

We regard the mean adjusted difference in time from drug administration to delivery of 6 h 3 min as of clinical relevance, demonstrating MVI as the most effective induction agent. One contributory factor to the differences in efficiency could be deviation from the protocol in the MVT group, compared to the MVI group. Compliance with procedure is more likely with the MVI as non-compliance would require removal of the insert, while non-compliance with the MVT is "just waiting a bit" with the next tablet. As prolonged latency and labor might lead to an increased risk of emergency CS and adverse maternal and neonatal outcome, an induction agent that is effective in the everyday routines of the department is preferable \[[@CR6], [@CR19], [@CR20]\]. On the other hand, uterine tachysystole is a matter of considerable safety concern, especially for the fetus, when inducing labor \[[@CR5]\]. The 5 min Apgar Score \< 7 did not differ between the groups, neither did the proportion of operative deliveries due to fetal distress; however, cases were few. The lower rate of CS does however suggest that MVI is a safer alternative for the mother compared to MVT.

Compared to other studies, women in our study, both in the MVI and in the MVT groups, had more efficient induction processes and a lower CS rate. The median time from drug administration to delivery of 15.7 h in the MVI group is considerably shorter than the 25.9 h and 29.2 h reported on nulliparous women induced with MVI in previous studies. However, in these studies MVI was compared to Dinoprostone \[[@CR10], [@CR21]\]. Previous studies of 25 μg MVT have also reported longer drug administration to delivery intervals compared to our findings, also in nulliparous women \[[@CR22]--[@CR24]\]. Median time has been reported to be 23.0 h \[[@CR22]\], compared to 19.6 h in our study, and mean time 28.0 and 28.2 h \[[@CR23], [@CR24]\], compared to 23.7 h. In terms of CS, the rate found in our study is lower compared to previous studies on nulliparous women. In the MVI group, 11.8% underwent a CS in our study, compared to 32.9% and 34.5% in previous studies \[[@CR10], [@CR21]\]. For MVT, previous studies show more divergent results, from 20% to 42% \[[@CR22], [@CR25]\], compared to our result of 23.3%. These differences in efficiency and CS rate between the cited studies and our study may reflect provider-preference and a differential induction- and labor management policy. The overall CS rate in Norway and Scandinavia is low compared to other high income countries. In 2014, 16.6% were delivered by CS in Norway, compared to 32.2% in USA and 26.2% in UK \[[@CR26]--[@CR28]\]. A high proportion of pre-induction with balloon catheter (49.1%) and PROM (25.7%) might have contributed to increased efficiency and lower CS rate.

This study has several limitations. First, this retrospective cohort study was a part of a quality improvement project, focusing on induction in nulliparous women. Thus, there was no attempt of randomization. One could hypothesize that high risk pregnancies more often were induced using MVT, especially in the beginning of the study period, as the doctors and midwives were more familiar with this method. This might have contributed to a higher CS rate in the MVT group. However, as the maternal characteristics and the indications for induction of labor did not show major differences, this selection bias is unlikely to have had a major impact on our results. Conversely, the average Bishop Score was higher in the MVT group, which should correspond to more favorable cervix status. Furthermore fewer women had preeclampsia/hypertension in the MVT group which is a known risk factor for CS \[[@CR29]\]. Although the lack of randomization could be considered a weakness, the results reflect what happened when MVI was introduced to a maternity department, without any adjustments in the treatment due to research considerations. Our results were robust across several different statistical models. Second, labor onset in this study was defined as when the midwife present defined active labor and started the partogram. This subjective assessment will differ between midwives. However, this is unlikely to represent a differential bias and is unlikely to influence the time from drug administration to delivery. Finally, the women in our study were not asked about their birth experience. As a negative birth experience is associated with an increased risk of postpartum depression, subsequent fear of childbirth and request for elective CS \[[@CR6], [@CR30]\], this would have added valuable information to the study.

Conclusions {#Sec7}
===========

In this study among nulliparous women in a routine care setting we found 200 μg MVI to be a more efficient and safe labor induction agent compared to 25 μg MVT. The time from drug administration to delivery was significantly shorter and the CS rate reduced in women induced with MVI, compared with MVT. Future studies comparing methods for labor induction should acknowledge the particular status of nulliparous women.
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